Anthropologic parameters of the spleen are important because many diseases present with reduction or enlargement of the spleen. No data exists about the standard dimensions of the normal spleen in Iranian population. Therefore, the objective of the study was to investigate anthropologic parameters of the spleen in Iranian cadavers. In 2014-2015, this cross sectional study was undertaken from the Razavi Khorasan Province of Iran. Iranian cadavers (n=693, 152 female/541 male) with no history of poisoning, drug or alcohol addiction, no gross abnormality and injury of the spleen were included in the study. The length, width and thickness of spleen were measured using a Vernier caliper. The mean values of the demographic data were age= 40.28 ± 20.97 years; weight = 63.68 ± 17.40 kg; height = 160.03 ± 28.45 cm and BMI = 25.03 ± 20.46 kg/m 2 . The mean values of the spleen length, width, thickness, notch, weight and index in the cadavers were 11.32 ± 3.10 cm, 8.05 ± 2.35 cm, 20.12 ± 9.21 mm, 0.84 ± 1.35, 123.87 ± 82.46 g, and 2.01 ± 1.40, respectively. Accessory spleen was found in five cadavers. The anthropologic parameters of the spleen showed significant difference between males and females except for index of the spleen. Having standard data on the spleen is useful for radiologists, surgeons, anatomists and anthropologists. The results of the study may provide valuable data in the standardization of the anthropologic parameters of the spleen in the Iranian population.
Introduction
The spleen consists of a large lymph node and is located in the left hypochondriac region of the abdomen, anterior to the left kidney and posterior to the stomach. 1 The spleen has two surfaces; diaphragmatic and visceral; it has two margins, superior and inferior. 1 The diaphragmatic surface separates the spleen from the ninth, tenth, and eleventh left ribs. The visceral surface is divided by a low ridge into two regions: gastric and renal regions. 2 The splenic hilum corresponds to the long axis of the tenth left rib. 2 Besides, the spleen plays important roles such as destruction of red cells, formation of activated lymphocytes, defense against microorganism and blood storage. 3 In the text book of Moore's Anatomy has been mentioned that the values of the spleen length, breath and thickness are 12 cm, 6 cm and 2 cm, respectively. 8 The range of the spleen in Asia is reported to range between 5 and 20 cm, while the width is reported to range between 0.5 and 10.5 cm. [9] [10] [11] [12] The thickness of the spleen ranges from 2 to 9.5 cm, while the range of the spleen weight was 48-720 grams. [9] [10] [11] [12] [13] The incidence of the splenic notches was 50-98.33% in Asian population . 11, [14] [15] [16] [17] Spleen bud appears as a mesodermal proliferation in the dorsal mesogastrium in the fifth week of gestation. 4 Lienorenal ligament forms by extension of dorsal mesogastrium between the spleen and the left kidney, while gastro splenic ligament develops by extension of dorsal mesogastrium between the spleen and the stomach. 4 During the fetal period, lymphocytes migrate to the spleen bud. In early stage of development, the spleen is lobulated but the lobules fuse with each other before birth. 5 The notches on the spleen border are considered as remnants of the sulcus that separated the spleen lobules in the fetal life. Palpation of the splenic notches is an important clinical sign that can indicate the enlarged spleen in cases of splenomegaly. 6 Anthropologic variables of the spleen are critical due to many diseases present with reduction or enlargement of the spleen. 7 No data exists about the standard dimensions of the normal spleen in Iranian population. Hence, the present study was conducted to determine anthropologic values of the spleen in Iranian cadavers. Iranian cadavers with no history of poisoning, alcohol or drug abuse, no sign of decomposition and no evidence of trauma or abnormality of spleen were included in the study. Exclusion criteria were as follows: Non-Iranian cadavers and cadavers with any pathologic abnormality were excluded. Demographic data including age, gender, body weight and height were collected from each cadaver. The index was also calculated as spleen weight/body weight. Besides, Body Mass Index (BMI) was calculated as weight (kg/height m 2 ).
Materials and Methods
The abdomen was opened by a single incision from mental to pubic symphysis. After reflecting the peritoneum, spleens were washed with tap water. The length of the spleen was measured from the superior pole to the inferior pole using a Vernier caliper (figure 1). 
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Caliper calibration performed previously based on ISO guidelines. The width of the spleen was considered between the superior and inferior pole of the spleen at the plane perpendicular to the length. The greatest distance between the anterior and posterior surface of the spleen at the hilum level was considered to be its thickness. Besides, the spleen weight was measured with the help of an electronic weighing machine (Pand Azma 3100, Iran). The notches and accessory spleens, if they were present, were observed meticulously. Measurement for all cadavers were performed by a single anatomist. Photographs were taken using a Canon digital camera.
Statistical analysis:
Values were presented as mean±SD. All data were analyzed using SPSS 20.0 for windows. A p < 0.05 was considered significant. The normality of data was assessed using the Kolmogorov-Smirnov test. The correlation between anthropometric parameters and variances such as spleen length was evaluated using the Spearman correlation. Normally distributed data were analyzed using independent sample t-tests (for two groups) or one-way analysis of variance (for more than two groups).
Results
Demographic data for the cadavers including age, gender, weight and height are summarized in The splenic notches were found in 435 cadavers (37.22%). The splenic notches on the superior border of the spleen ranges between zero and six, with an average of 0.62±1.03. The notches on the inferior border of the spleen ranges from zero to five, with an average of 0.23±0.65. The highest value of spleen notch was observed in Group I, and the lowest value of spleen notch was found in Group IX. Accessory spleen was present in five cadavers (0.7%). The spleen length was the greatest in Group IV, while the shortest length was observed in Group I. The highest width of spleen was seen in cadavers 40-49 years old, while the lowest width of spleen was observed in cadavers 0-9 years old. The spleen thickness was the greatest in Group V, while the shortest thickness was observed in Group I. The maximum weight of spleen was in fourth decade of life, while the minimum weight of spleen was observed in 1 th decade of life. The highest value of spleen index was found in Group I, while the lowest value of spleen index was observed in Group V and VI.
As shown in Table III , the anthropologic parameters of spleen except spleen index were significantly higher in males than females (p <0.05). Spearman's correlation showed a strong correlation between anthropologic parameters of the spleen and demographic values of cadavers.
Discussion
The results of this study showed that the spleen length, width and thickness were 11.32 cm, 8.05 and 2.01 cm, respectively. In addition, the average of spleen weight was 123.87 g. The spleen sizes were significantly higher in males than females.
In the text book of Gray's Anatomy has been described that the spleen is usually 12 cm length, 7 cm width and 3 to 4 cm thickness, respectively. 2 In the present study, the mean values of the spleen length, breath and thickness in the cadavers were 11.32 cm, 8.05 cm and 2.12 cm, respectively.
The mean length of the spleen was 9.66 cm (range, 5 to 13 cm) in India. 9 The average width and thickness of the spleen were 3.06 cm (range, 1.5 to 5.5 cm) and 6.22 cm (range, 3.5 to 9.5 cm), respectively. The spleen sizes were more in our population than that seen in this study except for the spleen thickness. Similarly, there was a significant association between the spleen length with age, gender and height. The spleen length was the shortest in cadavers 0-15 years old that was nearly the same with that of the current study results. 10 In another report, Rayhan and colleagues observed the greatest length and width of spleen in cadavers 40-49 years old and the greatest thickness of the spleen in cases 50-59 years old, which was consistent with this findings. 11 In another Turkish study, the spleen length was 12.8 cm (range, 8.5 to 20 cm). The mean width of the spleen ranges between 5 and 10.5, with an average 8.2 cm. The diameter of spleen varied from two to six with a mean value of 3.7 cm. There was a statistically significant correlation between the spleen size and demographic values. 12 The spleen size was less in our population than that seen in this study except for the spleen thickness. These differences might be due to the race or genetic factors of specimens.
According to Gray's Anatomy, the range of the spleen weight is 80-300 grams, with an average of 150 grams. 2 The weight of the spleen varied from 1 to 720 with mean value of 123.87 grams in the present study. In a study in Kumaon Region of India, 20 the spleen weight in females was more than males (153.9 g vs. 149.17 g, respectively), which was inconsistent with our findings. In a Turkish study by Caglar and colleagues, the range of the spleen weight was 48-720 grams, with an average 209 grams. In that study, the spleen weight was significantly correlates with height. 12 Similarly, the maximum weight of the spleen was found 720 grams. In addition, a significant correlation exists between height and the spleen weight.
In Korean population, the mean weight of the spleen was 99.51 grams in female and 115.29 grams in male. 21 In another study in Thailand, the mean weight of the spleen was 104 grams in male and 77 grams in female. 22 Besides, the spleen weight was strongly correlates with age, body weight and height in males, but not in females. That spleen of males was heavier than females. However, the spleen weight was significantly correlates with age, weight and height for both genders. In the text book it is noted that near the superior margin of the spleen there may be one or two notches. 2 Nayak and colleagues reported the incidence of the splenic notches in 50% of Indian population.
14 In other studies in India, splenic notches were observed in 98% , 98.33%, 16 88.57% 11 and 84% 17 of cases, respectively. The splenic notches reported in 98% of the normal population in Malaysia. 15 The splenic notches were found in 37.22% of cadavers in the present study. Findings of the study showed that the incidence of splenic notches was less than that in Asian population. This may mean that there was an excellent fusion of all the splenic masses during fetal life.
Results of the current study should be interpreted in light of its limitations. The limitation of this study was that most of our sample was males, which may result in some bias. In the present study, the volume and vessels of spleen did not examine. Hence, recommend that future researches focus on it. This study is the first to investigate standard anthropologic values of the spleen in Iranian population.
Conclusion
Having standard data on the spleen is useful for radiologists, surgeons, anatomists and anthropologists. The results of the present study will provide valuable data in the standardization of the anthropologic parameters of the spleen in the Iranian population. However, further studies with a larger population are required to complete anthropologic information of the spleen in Iranian citizens.
